Abstract-With surface aging and natural disasters, power transmission line often has broken strand fault which presents partial discharge and temperature rising. Infrared thermography is a new method to detect the temperature rising fault. Aiming at the temperature rising fault, a method based on infrared image for power transmission line detection and fault diagnosis is proposed. First, we convert infrared image into gray image, enhance the contrast, and eliminate the interference and noise. Next, cellular automaton method is used to segment the target and background in preprocessed image. Then, power transmission line is recognized and detected by using Hessian matrix. Finally, the fault is diagnosed based on temperature, and fault location is also determined. Experimental results indicate that this method can diagnose the temperature rising fault, and its accuracy is more than 90%. It has better robustness, accuracy and validity.
INTRODUCTION
With the development of our society, the power system is experiencing rapid growth, the power grid covers a more wide range, and the power transmission system is mainly composed by EHV/UHV transmission line. Among all the power transmission equipments, the power transmission line is the most important part, so the safety and reliability of its operation is directly related to the stable economic development of our country. Due to the power transmission line is long-term exposure to the natural environment, it is vulnerable to a variety of attacks from the outside world, such as contamination, lightning, high wind, hailstone, landslide, subsidence and birdstrike, etc. Besides that, mechanical and electrical load also put pressure on it. So for the safe and stable operation of the power transmission line, it must be regularly inspected.
In recent years, infrared image technology has been continuously improved and refined, and widely used in power transmission line inspection. It has the features of non-contact, safety, reliability, fast inspection and accuracy, etc. [1] , [2] . We can use infrared image to detect the temperature change of power transmission line, and predict and diagnose the faults of power transmission lines. In the process of inspection, the video of power transmission line is acquired by using infrared image sensor, and then converted into frames. Finally, power transmission lines and equipments can be detected and diagnosed by using method of image recognition and temperature information of infrared image.
In this paper, we use the method of image processing and pattern recognition to process the infrared image, detect and diagnose the power transmission line [3] , [4] . The results of experiments demonstrate that the proposed method has better robustness, accuracy and validity. The proposed method can not only improve the ability of fault prediction, assessment and timely response for power system, and it can also make aid decision for the repair of power transmission line. Besides, the method will bring significant benefits for society and economy, due to it can protect the power equipment, maximize the equipment's working life, satisfy the growing demand for electricity, and increase the level of productivity and automation for power grid [5] , [6] .
The rest of this paper is organized as follows. In the next section, the algorithm framework of detection and fault diagnosis system is described. In Sect. 3, the preprocessing method is presented. In Sect. 4, the segmentation method is presented. In Sect. 5, the detection method is introduced. In Sect. 6, the fault diagnosis method is introduced. In Sect. 7, experiment results and analysis are presented. Finally, Sect. 8 concludes this paper with some remarks.
II. ALGORITHM FRAMEWORK OF DETECTION AND FAULT DIAGNOSIS SYSTEM
We use the temperature information of infrared image to diagnose the fault of power transmission lines. The flowchart of detection and fault diagnosis system is shown in Fig. 1 , and the specific procedure is as follows:
3) Recognize and detect image transmission line in the segmented image by using Hessian matrix. 
III. IMAGE PREPROCESSING
The infrared image which is acquired in power transmission line inspection is not very well, and its quality degenerates. The reasons are as follows [7] :
1) The aberration, diffraction, and limited bandwidth exist in the optics system, and these can cause the image distortion.
2) The shooting angle of infrared camera and nonlinearity of photo-electric converter can cause the image geometric distortion.
3) The image acquisition, digitization, and processing can cause much noise, and these can cause the image distortion.
In order to improve the accuracy of detection and fault diagnosis, we need to preprocess the infrared image which is acquired in power transmission line inspection [8] and the specific procedure is as follows: 1) Convert the RGB image into gray image.
According to the color sensitivity of human eye, we use equation (1) to average the three color components of RGB model, and calculate the gray value. The weighted mean coefficient is allocated to human eye most sensitive to green and least sensitive to blue. 0.29900 0.58700 0.11400
2) Enhance the contrast of gray image by using histogram equalization method [9] .
Consider a gray image x and let n i be the number of occurrences of gray level i. The probability of an occurrence of a pixel of level i is
Where L is the total number of gray levels, n is the total number of pixels.
The cumulative distribution function corresponding to
We create a transformation to produce a new gray image y as equation (4).
We use the following transformation to map the values back into the original range.
3) Filter the histogram equalized image by using median filtering method [10] , [11] .
We use equation (6) to median filter the histogram equalized image.
Where f(x,y) is the original image, g(x,y) is the median filtered image, and W is the template.
The results of the preprocessed image are shown in Fig. 2 . From the results, we can see that the line interference and noise are eliminated, bright points are smoothed, details are kept, and the differences of pixel value in target region are narrowed. 
IV. IMAGE SEGMENTATION
Image segmentation is the foundation of image processing, it can segment the target region, and the quality of segmentation will affect the subsequent image processing [12] . Cellular automaton technique is widely applied in infrared image segmentation, it can update synchronously following the local rule. Here, we use cellular automaton method to segment preprocessed image [13] , [14] .
Cellular automaton is a discrete model studied in computability theory, mathematics, physics, complexity science, theoretical biology and microstructure modeling [15] . A cellular automaton consists of a regular grid of cells, each in one of a finite number of states, and it can be expressed as equation (7) .
Where A is a cellular automaton system; L d is the cell space; d is the cell dimension, and it is a positive integer; S is a finite state set; N is a vector space including n different cell states, and it represents the combination of all cells in one neighborhood; f is a transition function which maps S n into S, and it gives the deduction rule from old state to new state in one cell.
The result of image segmentation is shown in Fig. 3 . From the results, we can see that the target and background are well segmented, the edge of target is very clear, and the location and scope of heating region are well showed. The accuracy of power transmission line detection can influence the fault diagnosis, so the power transmission line must be detected accurately. Here, we use Hessian matrix method to detect the power transmission line, and the specific procedure is as follows [16] :
Consider the segmented image L(x,y) as the 3D curved surface, and the surface can be expressed as equation (8).
The neighborhood of pixel 0 0 0 ( , ) p x y can be expressed as the second-order taylor expansion. 3) Use region growing method to extract points which has the similar direction of eigenvectors to compose line segment, and get the index values of line segment, such as coordinates of beginning and end point, length and slope. 4) Add up the length of line segment which has the similar slope value. When we get the maximum sum of length, the corresponding slope value K is the slope value of power transmission line. 5) Add up the length of line segment which has the similar slope value K. When we get the maximum sum of length, the corresponding intercept value B is the intercept value of power transmission line. We can fit the equation of power transmission line by using the K and B.
6) Find the line segments which locate near the power transmission line, and connect these line segments. We can get the exact location of power transmission line.
The result of power transmission line detection is shown in Fig. 5 , and the red line is the power transmission line. From the results, we can see that the method can detect the power transmission line accurately. 
VI. FAULT DIAGNOSIS OF POWER TRANSMISSION LINE
We analyze power transmission lines neighborhood temperature information. If the regional temperature is above the threshold, we mark it as the overheated region, and the fault exists here [17] . The specific procedure is as follows: 2) Compute average temperature of each point on the power transmission line.
3) Compute average temperature of the power transmission line.
4)
If the average temperature of some point is higher than average temperature of the power transmission line, and the difference is above the threshold, we mark it as the overheated region, and the fault exists here.
The result of fault diagnosis is shown in Fig. 6 , and the red segment is fault region. From the results, we can see that the over-white segment in Fig. 2(a) is the overheated region, and the method can diagnose the fault accurately. 
VII. EXPERIMENT RESULTS AND ANALYSIS
According to the algorithm described above, we use Matlab R2013b software to do the experiment, and operation system is Windows 7.
We use the true positive rate P t and the false positive rate R f to evaluate algorithm, and the definitions are as follows [18] :
Where TP n is the number of image which the fault is diagnosed accurately; FN n is the number of image which the fault is not diagnosed, when there is the fault; FP n is the number of image which the fault is diagnosed, when there is no fault.
In the experiment, the number of test sample set is 1517, including 704 samples are supplied by Liaoning Electric Power Company Limited, and 813 samples are supplied by Zhejiang Electric Power Company Limited. According to the test result, the true positive rate P t is 93.56% and the false positive rate R f is 2.38%, and the results satisfy the application requirement.
After the analysis of missed fault diagnosis and false fault diagnosis, the reasons of false positive diagnosis are as follows: 1) Some power transmission lines are not detected accurately.
2) Sometimes the threshold temperature is not set accurately.
VIII. CONCLUSIONS
In this paper, we propose a method of detection and fault diagnosis of power transmission line in infrared image based on image processing and pattern recognition. First, we preprocess the infrared image. Next, we use cellular automaton method to segment the target and background. Then, we use Hessian matrix to recognize and detect the power transmission line. Finally, we use temperature information to diagnose the fault, and find the fault location. Experimental results indicate that the proposed method can diagnose the temperature rising fault, its accuracy is more than 90%, and this method can help to maintain power transmission system.
